The DNA in a micronucleus undergoes remarkable rearrangements when it develops into a macronucleus after cell mating in the hypotrichous ciliate. A Rab gene was isolated from the macronuclear plasmid minilibrary of Euplotes octocarinatus. A micronuclear version of the Rab gene was amplified by polymerase chain reaction (PCR). The macronuclear DNA molecule carrying the Rab gene is 767 bp long and shows characteristics typical of macronuclear chromosomes of hypotrichous ciliates. Three of the five cysteines are encoded by the opal codon UGA. The deduced protein is a 207-amino acid (aa) with a molecular mass of 23 kDa. The protein shares 36% identity with Rab 1 protein of Plasmodium and yeast. Analysis of the sequences indicated that the micronuclear version of the Rab gene contains two internal eliminated sequences, internal eliminated sequence (IES)1 and IES2. IES1 is flanked by a pair of hepta-nucleotide 5 0 -AAATTTT-3 0 direct repeats, and IES2 is flanked by 5 0 -TA-3 0 direct repeats.
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The Rab GTPases represent a superfamily of low molecular weight GTPases that have been proposed to be key regulators of the vesicle fusion process. 1) To date, about 40 distinct Rab proteins have been identified, and each is believed to be specifically associated with a particular organelle or pathway. Thus far, the functions of only a fraction of known Rab proteins have been characterized in detail. A single activated Rab protein can bind selectively to a multitude of effector proteins to facilitate discrete steps in membrane transport. Through sequential interactions, it is likely that Rab proteins temporally and spatially coordinate vesicular transport. 2) Endocytic and exocytic trafficking pathways appear to play a role in the unicellular organism, ciliates. 
4)
Euplotes octocarinatus, like other ciliates, has two types of nuclei-micronuclei and macronuclei. The DNA in the micronucleus is organized into typical eukaryotic chromosomes. The DNA in the macronucleus is organized into small, gene-sized molecules. The genomes in the two kinds of nuclei are obviously related, because the macronuclus forms from a micronucleus after mating. During development of the macronucleus, the micronuclear chromosomes become fragmented, and a considerable portion of the DNA is eliminated. 5) In addition, sequences that interrupt genes, called internal eliminated sequences (IESs), are excised. The segments of the micronuclear precursor gene separated by the IESs are called macronuclear-destined sequences (MDSs).
In hyprotrichous ciliates, about 90 to 95% of the micronuclear genome is eliminated in this process and small DNA molecules are formed that house only one or a few genes.
6) The elimination of IESs can be viewed as the precise deletion of one DNA sequence. The termini are believed to play an important role in the excision of IESs and in the splicing of ends of MDSs. It is important to study the macronuclear versions of genes and their micronuclear counterparts. In this study, a Rab gene of Euplotes octocarinatus was isolated and sequenced from macronuclear and micronuclear DNA. Two IESs were identified in the micronuclear version of the Rab gene.
The macronuclear and micronuclear DNA was prepared according to Tan et al. 7) The macronuclear genes of Euplotes octocarinatus with telomeres at their ends were amplified by PCR using telomeric primer 5 0 - (Fig. 1) . The non-coding 5 0 -leader of the chromosome consists of 45 nucleotides and an additional 28 nucleotides forming the telomere. The chromosome fragmentation signal 5 0 -TTGAA-3 0 is located at a distance of 16 bp from the telomere. A TATA-box motif is found at a position 20 bp upstream of the translation initiation site UTG. The 3 0 -trailer is 42 nucleotides long and followed by 28 telomere nucleotides. In the 3 0 -subtelomere region, the chromosome fragmentation signal 5 0 -TTGAA-3 0 is identified at a typical distance of 17 bp from the telomere. Translation starts with an UTG codon and terminates with UAA.
Deviations from the universal genetic code have evolved independently several times in ciliated protozoa. In the holotrichous ciliates Tetrahymena and Paramecium, as well as in the hypotrichous Stylonychia and Oxytricha, the universal termination codons UAA and UAG are translated into glutamine, and UGA is used as the sole termination codon. In Euplotes, genes are terminated by the UAA codon. In-frame UGA condons are translated into cysteine.
8) The Rab gene of E. octocarinatus contains 5 cysteine residues. Two of these are encoded by the regular cysteine codon UGU. Three UGA codons were found in the open reading frame at amino acid positions 85, 87, and 118 respectively. These UGA codons, like those in other Euplotes genes, presumably code for cysteines.
8) It is not clear what might have driven the switch in assignment of the stop codon. The polypeptide release factor might play an important role in this reassignment. Muramatsu et al. 9) have proposed a mechanism of stop codon recognition by eRF1 accounting for recognition of UAA, UAG, and UGA and exclusion of UGG.
Rab proteins are known to play an important role in vesicle fusion with acceptor membranes. Primary sequences of Rab proteins display several signature motifs that are important for their function: (1) three highlyconserved GTP-binding consensus sequences, which are involved in the recognition of a guanine nucleotide GXXXXGKT, NKXD, and EXSS, 10) and (2) carboxylterminal cysteine residue, modified by isoprenylation and required for membrane attachment. Blast comparison showed that the derived amino acid sequence from Euplotes Rab gene shares 36% homology with the Rab of Plasmodium and yeast. The three GTP-binding consensus sequences and carboxyl-terminal cysteine residue were also found in the corresponding regions of the deduced Euplotes Rab protein (Fig. 1) . But posttranslational geranylgeranylation of Euplotes Rab, which ends in a KKWC motif, might be relatively inefficient when compared with ''typical'' Rab proteins that end with CXC and CC carboxyl-terminal motifs.
11)
To obtain information about the reorganization of the Rab gene during macronuclear development, the micronuclear version of this gene was isolated using PCR with micronuclear DNA as a template (Fig. 2) . Two oligonucleotides were designed based on the macronuclear Rab gene. The 5 0 primer sequence (Rab1) is 5 0 -TAGGA-TCCATGGAGGCACTGGATAGCCAAAAGC-3 0 , and the 3 0 primer sequence (Rab2) is 5 0 -CGCTCGAGTTAA-CACCATTTCTTCTTTGTTTGAAGCG-3 0 . Comparison of the micronuclear Rab gene with its macronuclear counterpart indicated that the macronuclear DNA lacks two segments from positions 104 to 175 and 311 to 400 of the micronuclear gene. The rest of the two sequences match each other. Both segments are located in the coding region, so that its removal is required to form an open reading frame. These data indicate that the two micronucleus specific sequences with lengths of 71 bp and 89 bp are IESs that are removed during macronuclear development. The sequences of the two IESs with both termini are shown in Fig. 3 . The first IES (IES1) is confined to a hepta-nucleotide direct repeat sequence (5 0 -AAATTTT-3 0 ). The second IES (IES2) is bounded by a dinucleotide 5 0 -TA-3 0 direct repeat. The AT contents in the two IESs reach 88% and 78% respectively.
An important event in macronuclear development is excision of micronuclear IES and the generation of the gene-sized DNA molecules that characterize the mature macronucleus. Short IESs are generally dissimilar in sequence, but termini are believed to play an important role in excision of the IESs and in splicing of the ends of the MDSs. 12) In oxythicha and stylonychia, the IESs are flanked by pairs of direct repeat sequences of 2 to 19 bp of any sequence.
12) Most IESs of Tetrahymena contain short direct repeats of varying sequence and length at their boundaries. In marine Euplotes crassus and paramecium, the IESs are bounded by a 5 0 -TA-3 0 direct repeat. 13, 14) In this study we founded that the Rab gene of fresh water E. octocarinatus has two kinds of IESs, IES 1 and IES 2. IES 1 is flanked by direct repeats of 7 bp, and IES 2 is bounded by a 5 0 -TA-3 0 direct repeat. The terminus of IES 1 shows similarities to those of oxythicha and stylonychia, whereas the terminus of IES 2 shows similarities to those of Euplotes crassus and paramecium. These results are consistent with the IESs of the -tubulin2 gene, the arce gene, and the pkar gene of E. octocarinatus. 7, 15) This information should be of great help in understanding the molecular mechanisms of IES excision. The differences between Euplotes species and other ciliate raise questions about evolutionary relationships among the organisms.
Fig. 2. Agarose Gel Electrophoresis of PCR Products of the Rab
Gene from Macronucleus and Micronucleus. M, 1 kb DNA ladder; lane 1, PCR products of the Rab gene from the macronucleus using primers Rab1 and Rab2; lane 2, PCR products of the Rab gene from the macronucleus using telomeric primer; lane 3, PCR products of the Rab gene from the micronucleus using primers Rab1 and Rab2. 
